Study objectives: Homelessness is a growing problem in the United States that may significantly impair physical health. The homeless have a high prevalence of cigarette smoking, poor nutrition, and adverse environmental exposures, which could contribute to obstructive lung disease (OLD). Despite this risk, the prevalence of OLD among the homeless remains unknown. We aimed to systematically assess the prevalence of OLD among the urban homeless. Design, setting, and participants: We conducted a cross-sectional study of the prevalence of OLD among homeless individuals in San Francisco. By random sampling, we recruited 68 adults living in one homeless shelter to participate in a structured interview survey and spirometry assessment. We used a multifaceted approach to assess OLD, including respiratory symptoms, self-reported physician diagnosis of asthma, chronic bronchitis, emphysema, or COPD, and spirometry (defined as FEV 1 < 80% predicted and FEV 1 /FVC ratio < 0.70). Results: Sixty-eight adults completed the survey, and 67 adults completed the spirometry. Homeless adults were likely to be homeless < 1 year and homeless for the first time. There was a high prevalence of cigarette smoking (75% ever smokers, 68% current smokers). The prevalence of symptoms suggestive of OLD was high, including cough (29%), wheezing (40%), chronic bronchitis symptoms (21%), and dyspnea on exertion (29%). A substantial proportion of homeless subjects indicated a prior diagnosis of asthma (24%), chronic bronchitis (19%), and COPD (4%). Based on spirometry, the prevalence of OLD was 15% (95% confidence interval, 8 to 26%), which was more than double the expected prevalence in the general US population. 
H
omeless individuals represent a growing proportion of the US population. The challenges of living on the street, in a shelter, or in a transitional housing facility are unique and may significantly impair health. [1] [2] [3] [4] Homeless have significant rates of smoking, 2,5-7 substance abuse, 2,4,8 -10 and mental illness, 9 ,10 all of which can negatively affect physical health and impede access to care. In fact, the homeless do appear to have poorer perceived health. 2, 7, 10, 11 The prevalence and severity of physical disease among the homeless may be caused by or exacerbated by poor environmental conditions, poor nutritional status, and barriers to health care. 9, [12] [13] [14] [15] The homeless may be at higher risk of obstructive lung disease (OLD), which is a leading cause of death and disability in the United States. 16 Selfreported OLD, including asthma, chronic bronchitis, and emphysema, is higher among the homeless compared to the housed population. 2, 7 Cigarette smoking, a major cause of OLD, also appears to be common among the homeless. 2, 5, 6 Although respiratory infections are a common reason for the homeless to seek medical attention, 3, 6, 7, [17] [18] [19] [20] [21] the occurrence of symptoms specific to OLD, including cough, wheezing, and phlegm production, has not been well documented in this group. The actual prevalence of OLD among the homeless, based on pulmonary function measurement, remains un-known. To examine this problem, we evaluated the prevalence of OLD in a random sample of homeless adults living in San Francisco.
Materials and Methods

Overview
We conducted a cross-sectional examination of the prevalence of OLD in a random sample of homeless individuals in San Francisco. This was a field study with direct personal interviews and spirometry conducted with homeless individuals.
Study Participants and Recruitment
We recruited a random sample of homeless adults aged Ն 35 years to participate. We used the Stewart B. McKinney Homeless Assistance Act of 1987 definition to determine those who were currently homeless. 22 As all subjects were current residents of one homeless shelter in San Francisco in October 2002, they were homeless by the McKinney definition. The shelter houses approximately 380 individuals in beds each night (42 women and 338 men). Because of the small number of female residents, all female subjects meeting the criteria were eligible to participate in the study. Male subjects were randomly selected by shelter bed number to participate in the survey. For both sexes, shelter residents were ineligible if they were receiving medical treatment for active tuberculosis, had symptoms of active tuberculosis or an active pulmonary infection (fevers, chills, new or changed productive cough), were unable to complete survey (due to language barrier or poor mental status), or had chest or abdominal surgery in last 3 weeks. Written or verbal consent was obtained from all participants. The study was approved by the University of California, San Francisco Committee on Human Research.
Of the female residents, 40 subjects were asked to participate over 2 nights of data collection. Of these, 3 subjects were ineligible, 11 subjects declined to participate, 25 subjects completed both the survey and the spirometry session, and 1 subject completed only the survey and declined the spirometry session. We randomly selected 130 male residents to participate in the study over 4 nights of data collection. Of these persons, 29 subjects were ineligible, 59 subjects declined to participate, and 42 subjects completed the survey and spirometry session. The participation rate was 68% for women and 42% for men.
Interview Content
Each participant underwent a structured in-person interview with a trained survey interviewer. The survey collected sociodemographic data, including circumstances of being homeless. Participants were asked how long they had been homeless, the number of times they had been homeless, and their proportion of nights in the previous month on the streets, in a shelter, in a single-room occupancy hotel, in an abandoned building, in a car, with friends, or with family. These questions were based on National Survey of Homeless Providers and Clients structured questions on homelessness. 23 We defined the period of being homeless as the time since they last had a place of their own or shared with someone else in a house or apartment where they could stay for Ն 30, a definition used by the RAND Course of Homelessness Study. 24 Self-reported general health status was assessed using a question developed for the National Health Interview Survey and used in the Medical Outcomes Study Short Form-36, the most widely used generic health status measure. Respiratory symptoms in the past 12 months were evaluated by questions used in the National Health and Nutrition Examination Survey (NHANES) III: do you usually cough on most days for 3 consecutive months or more during the year, do you bring up phlegm or sputum or mucus on most days for 3 consecutive months or more during the year, have you had wheezing or whistling in your chest, and have you had any times when you had to stop for breath when walking about 100 yards or a few minutes on level ground? Based on these responses, we defined chronic bronchitis as affirmative responses to the cough and phlegm items. They were also asked if they had been told by a health-care professional that they had emphysema, chronic bronchitis, asthma, COPD, or any other lung problem. Other items from NHANES III were used to ascertain ambulatory medical visits and medications received for wheezing and dyspnea during the past 12 months. Finally, past and current use of cigarettes, cigars, and tobacco pipes was evaluated using questions from the National Health Interview Survey. 25 
Spirometry
The spirometry session was conducted with the primary investigator, who was blinded to the survey responses. The procedure for the spirometry followed the American Thoracic Society guidelines for spirometry assessment. 26 Each subject's age, gender, height, weight, and race were recorded. In a seated position with a nose clip in place, the subject performed a forced exhalation with a handheld spirometer (EasyOne model 2001 Frontline; ndd Medical Technologies; Chelmsford, MA). Up to six attempts were allowed to obtain an adequate measurement. The same spirometer was used for all participants. This spirometer is in compliance with the American Thoracic Society guidelines. 26 We used established prediction equations for predicted FEV 1 and FVC developed from NHANES III data. 27 We defined low FEV 1 and FVC as Ͻ 80% predicted. We used the Global Initiative for Chronic Obstructive Lung Disease definition to classify subjects as having OLD: FEV 1 Ͻ 80% predicted and the FEV 1 /FVC ratio Ͻ 70%. 28, 29 
Statistical Analysis
Data were analyzed using statistical software (SAS Version 8.1; SAS Institute; Cary, NC). We used a multifaceted approach to define the prevalence of OLD among homeless adults based on symptoms, diagnosis, and pulmonary function. We calculated the prevalence of chronic respiratory symptoms, self-reported physician diagnosed OLD, and OLD based on the Global Initiative for Chronic Obstructive Lung Disease spirometric definition. The 95% confidence intervals (CIs) were calculated using the binomial distribution.
Because approximately half the sample was comprised of African-Americans, we used the 2 test to evaluate the impact of African-American race on the prevalence of chronic respiratory symptoms, self-reported physician-diagnosed OLD, pulmonary function impairment, and OLD based on pulmonary function. In addition, we present the pulmonary function results, including the prevalence of OLD, stratified by African-American race and other race/ethnicity.
We compared the prevalence of OLD among homeless adults to the prevalence expected in members of the general population. Using NHANES III data restricted to the age range of our homeless sample, we developed a multivariate logistic regression model that estimated the expected prevalence of OLD, based on age, gender, race, smoking history, and history of asthma. We then substituted the mean values of these characteristics for homeless adults into the regression equation to calculate the expected prevalence of OLD for a comparable general population sample. The observed prevalence of OLD among the homeless was then compared to the expected prevalence.
Results
Sociodemographic variables were different for the homeless subjects compared to the general population of San Francisco (Table 1) . Subjects ranged in age from 35 to 73 years, with mean age of 46.5 years and a slight male predominance (62%). Compared to the San Francisco general population, minorities were overrepresented. African-Americans represented 50% of the total, white represented 16%, and Latino represented 12%. Use of cigarettes, tobacco pipes, and cigars was common among the homeless group. The majority (75%) of homeless adults reported ever smoking cigarettes (at least 100 cigarettes in their lifetime) with 68% percent (46 subjects) indicating current cigarette smoking. This is in contrast to the general population, with 23.3% current smokers in 2000. 31 The mean duration of smoking was 16 years, with an average of 12 cigarettes per day.
The duration of the current period of homelessness was a mean of 42 months (SD 82) with 47% homeless Ͻ 1 year, 35% homeless 1 to 5 years, and 18% homeless Ͼ 5 years (Table 2 ). Almost one half had never been homeless before (28 subjects; 42%), one fourth had been homeless once before (18 subjects; 26%), one fourth had been homeless two to five times before (15 subjects; 22%), and the minority had been homeless more than five times before (6 subjects; 9%). Not considering the current night, the majority had spent some part of the last 30 days in a shelter (86%), followed by staying outside on the streets, in a car, or an abandoned business (40%), and in a single-occupancy hotel (22%).
Self-reported general health was often impaired among the homeless adults. A high proportion of homeless participants reported "fair" or "poor" general health (23 subjects; 33%). More women indicated "fair" or "poor" health compared to men (66% vs 17%).
The prevalence of chronic respiratory symptoms, as one indicator of OLD, was high among the homeless subjects (Table 3) . A substantial proportion indicated symptoms of cough (20 subjects; 29%) and chronic bronchitis (14 subjects, 21%). Nearly half of the subjects reported wheezing during the past 12 months (27 subjects; 40%). Approximately one third of subjects reported dyspnea on exertion (20 subjects; 29%). There was no impact of African-American race on the prevalence of chronic respiratory symptoms, compared to homeless adults of other race/ethnicity (p Ͼ 0.20 in all cases).
Homeless adults had a high prevalence of a self- reported physician diagnosis of asthma, chronic bronchitis, COPD, or emphysema (Table 3) . A substantial proportion of homeless subjects indicated a prior diagnosis of asthma (16 subjects; 24%). Fewer subjects reported chronic bronchitis (19%; 13 subjects) and chronic obstructive lung disease (4%; 3 subjects). One subject reported a past diagnosis of emphysema. Compared to homeless of other race/ ethnicity, there was no impact of African-American race on the risk of any reported OLD diagnosis (p Ͼ 0.10 in all cases). Pulmonary function measurement among 67 homeless adults revealed a high prevalence of impairment (Table 4 ). The mean FEV 1 was 2.80 L/s (SD 0.79), which was 85% predicted for the sample. However, the FEV 1 range included some very low values (0.87 to 4.41 L/s), and 37% of the homeless subjects had a low FEV 1 (Ͻ 80% predicted). The mean FVC was 3.74 L (SD 1.05), which was 91% predicted. The range of FVC also included some very low values (1.51 to 5.82 L), with 30% of homeless subjects having an FVC Ͻ 80% predicted. Mean FEV 1 /FVC ratio was 0.76 (SD 0.10), with 24% of subjects having a ratio Ͻ 0.70.
We defined OLD as FEV 1 Ͻ 80% predicted and an FEV 1 /FVC Ͻ 0.7. In our sample, the prevalence of OLD by spirometry was 15% (95% CI, 8 to 26%). Based on our predictive regression model, the expected OLD prevalence in a comparable general population sample was 7.2%. Consequently, the prevalence of OLD among homeless adults is more than double that expected in the general population. The prevalence of OLD was similar among male and female homeless adults (17% vs 12%; p ϭ 0.61) [ Table  5 ]. Cigarette smoking was associated with threefold increase in the prevalence of OLD (18% vs 6%).
In additional analyses, we examined the impact of African-American race on the risk of pulmonary function impairment among homeless adults (Table  4 ). Compared to subjects of other race/ethnicity, there was no statistical difference in the prevalence of impaired FEV 1 (32% vs 42%, p ϭ 0.39), FVC (26% vs 33%, p ϭ 0.54), or FEV 1 /FVC ratio (24% vs 18%, p ϭ 0.22) among the African-American homeless. There was also no statistical difference in the prevalence of OLD among African-American homeless vs those of other backgrounds (9% vs 21%, p ϭ 0.15). Although the risk of OLD appeared lower among African-American homeless, the CI was wide and did not exclude no difference (odds ratio, 0.4; 95% CI, 0.08 to 1.5). Despite the high prevalence of OLD among the homeless, few subjects received regular medical care for their respiratory condition. Among the 22 subjects who reported a physician diagnosis of asthma, chronic bronchitis, emphysema, or COPD, only 11 subjects (50%) indicated that they had at least one ambulatory medical visit for wheezing or dyspnea during the past 12 months. Similarly, a small proportion of homeless adults with OLD, as defined by spirometry, had an outpatient medical visit for respiratory symptoms (n ϭ 10; 30%). Perhaps reflecting the low utilization of ambulatory medical care, the majority (60%) of homeless persons with OLD did not report a physician diagnosis of an airway disease (ie, asthma, chronic bronchitis, emphysema, or COPD). Moreover, only a small proportion of homeless with a self-reported diagnosis of airway disease or OLD (by spirometry) reported treatment with a respiratory medication during the past year (50% and 20%, respectively).
Discussion
The burden of OLD in the United States is substantial, including disability, mortality, and economic costs. 32 As one of the leading causes of death in the United States, OLD has been underreported and undertreated. 28, [33] [34] [35] Previous studies 36, 37 established that patients with OLD have a higher incidence of morbidity with respiratory infections, leading to higher health-care utilization. In a study of medical conditions in the homeless, pulmonary disease, primarily OLD, conferred a higher risk of death. 38 There has not, to our knowledge, been any previous objective assessment of OLD among the urban homeless using pulmonary function measurement. We found that the prevalence of OLD among homeless adults was more than double that expected in the general population.
The high prevalence of OLD among homeless adults could translate into a substantial burden of disease. In San Francisco, there are a large number of homeless persons, with estimates ranging from 6,000 to 18,000. 39 A physical count by the mayor's office in October 2002 documented 6,921 adults on the streets and in shelters (58% men, 23% women, 1.2% transgender, and 18% not identified). 40 Because the local homeless population has a high proportion of African-American and Native-American minorities compared to the general San Francisco population, 41, 42 the burden of OLD appears to disproportionately affect minorities.
Respiratory symptoms suggestive of OLD in our homeless sample were common. While respiratory symptoms related to infections have been well documented in the homeless, few studies evaluated symptoms possibly related to OLD. One study 19 of marginally housed and street homeless male subjects compared to similar urban-housed male subjects found a higher rate of breathlessness in the homeless compared to the housed sample. Moreover, we found a high prevalence of self-reported OLD among the homeless, which was greater than that found in the general population of San Francisco County and the United States 28, 43 The observed prevalence of OLD among homeless adults, as objectively documented by spirometry, was twice the expected prevalence in the general population. Our estimate of expected prevalence accounted for the OLD predictors noted by Mannino et al. 44 We considered three theories for the connection between homelessness and OLD. First, OLD may lead to homelessness. If OLD is severe and debilitating, such that the individual could not work, then the OLD may have directly lead to homelessness. A second possibility is that some aspect of homelessness caused OLD or increased the rate of OLD in those predisposed to it. This relationship may be due to the high prevalence of smoking or higher rates of respiratory infections among the homeless. Respiratory infections may play a role in the development of OLD, [45] [46] [47] as well as other environmental exposures, malnutrition, and smoking. 15 A third theory for the higher rate of OLD is that homelessness may exacerbate and cause recrudescence of preexisting OLD. This could be due to smoking, infections, general health, nutrition, environmental stress, drug and alcohol abuse, or poor access to care. Future prospective studies will be necessary to further evaluate the causal relation between homelessness and OLD. This study has several limitations. First, homelessness encompasses a broad range of people and conditions; the characteristics of persons who live on the streets are different from shelter residents or those living with family or friends. Therefore, health indicators, such as the prevalence of OLD, may vary by specific homeless group. This study focuses on one segment of the homeless population that may not be applicable to all homeless individuals, especially in that shelter residents may have better health or at least different degree of disease. 4, 10, 48, 49 However, a large proportion, if not the majority, of homeless people in the United States are staying in a shelter at least part of the time. Shelter residents are more likely to be homeless for the first time and homeless for Յ 6 months. This has important healthcare consequences, as long-term homeless (Ͼ 5 years) are less likely to report a site of care, 24 and unsheltered homeless are more likely to abuse alcohol or drugs. 4, 23 Our finding of higher OLD in the shelter population raises the concern that the street population may have even a higher prevalence of OLD.
In addition, the high prevalence of African-American homeless in our sample raises the possibility of confounding by race/ethnicity. For example, AfricanAmerican persons have, on average, smaller FEV 1 and FVC values for a given height; they have a smaller average trunk to leg ratio. 27 Could this high proportion of African-American subjects account for the greater prevalence of OLD in our sample? Several lines of evidence indicate that this is not the case. First, we estimated the prevalence of impaired lung function, including FEV 1 , using predicted values that take race/ethnicity, including African-American race, into account. Second, we found that African-American homeless had a similar prevalence of chronic respiratory symptoms, self-reported physician diagnosis of chronic airway diseases, and pulmonary function impairment compared to homeless adults of other race/ethnicity. Third, we compared the prevalence of OLD among homeless adults to the expected prevalence in the general population, taking race into account. Taken together, these results indicate that the high prevalence of OLD among the homeless was not explained by the overrepresentation of African-American persons.
Other limitations of the study are related to the sample selection. This study focused on one shelter in San Francisco, and the findings may not be applicable to rural homeless, or even other urban areas in the United States. We relied on self-report for sociodemographics, general health, respiratory symptoms, respiratory diagnosis, and health-care utilization. A notable study strength is the use of objective pulmonary function measurement to define OLD.
Health care is perceived as an important unmet need for many homeless. 1 Our study focused on one important and possible unmet need among this vulnerable segment of the population. In this study, OLD symptoms, self-reported OLD diagnosis, and spirometry confirm that OLD is a common health problem among the urban homeless. Public health interventions are needed that target the prevention and treatment of OLD in this susceptible subpopulation.
